SUMMARY
Methods
Standard electrocardiograms were taken daily on a Sanborn model 500 with the patient's head elevated at 150. To assure constant position, precordial placement for the exploring electrode was marked with ink. All illustrated graphs represent the sums of voltages for leads I, II, III, V1, and V6. Phonocardiograms were taken with a Sanborn Twin-Beam portable model 62. Carotid artery, external jugular venous and apex cardiograms, in addition to the ECG, were recorded when possible. Corrected ejection times were calculated according to the method of Weissler, and associates. 3 Ultrasound cardiac examinations were made every other day using a commercially available ultrasonoscope* utilizing 1,000 impulses/sec repetition with an 0.75-inch diameter, 2.25-megaHertz transducer. The transducer was placed at the left stemal border in the fourth intercostal space and directed posterolaterally to record the posterior left ventricular wall echoes as previously described.4' 5 The instrument was adjusted to display the echoes from the interventricular septum as well as the posterior wall echoes. The M or motion display was used. The records were measured at a point in the cardiac cycle which corresponded to end-diastole, as judged from the electrocardiogram simultaneously recorded. Overall heart size from the anterior wall to the posterior wall was the total distance from the first myocardial echoes, just behind the chest wall echoes, to the posterior pericardial echo. Right ventricular dimension was the distance from the anterior heart wall to the most anterior of the interventricular septum echoes. Posterior wall thickness was the distance from the endocardial surface of the posterior left ventricular wall to the pericardium. Measurements were facilitated by distance markers which correspond to 1 The decline in QRS voltage and appearance of the early diastolic gallop 17 to 19 days after operation coincide with the increase in right ventricular and overall heart dimensions, and posterior wall thickness. Since this was the first transplant patient to have ultrasound measurements, there was more day-to-day variation on these records; however, the general changes are consistent with those in subsequently described cases. There was further decline in QRS voltage over days 19 to 29. By postoperative day 29 to 30, definite signs of cardiac failure were evident. Despite treatment, the abnormalities continued, and at postmortem examination, there was gross and microscopic evidence of cardiac rejection. This 51-year-old man had been followed at Stanford Medical Center for 1% years for progressive disability secondary to atherosclerotic coronary heart disease. He fig. 3) . By day 7, QRS voltage was declining, and ultrasound studies showed increased right ventricular diameter (RVD), overall heart dimensions (AW-PW), and posterior wall thickness (PWT) (fig.  4) . By days 9 and 10, the patient was complaining of marked fatigue, anorexa, and weakness. Venous distention with prominent a and v waves, hepatomegaly, peripheral edema, and cool extremities developed. QRS voltage remained low, and the right axis shift was marked. There was a marked right ventricular heave and the S3 corresponded in timing with the rapid filling wave in the right ventricular apexcardiogram. Treatment for rejection was initiated on day 8, and by day 15 the axis had returned to normal, QRS voltage had risen, and ultrasound measurements returned toward normal range. The patient resumed normal hospital activity. The S3 diminished markedly in magnitude but remained audible and increased in intensity on exercise or inspiration. By day 24, the S3 had become pronounced, coincident with an increase in posterior wall thickness and decline in QRS voltage. By day 29, the patient again had clinical signs of rejection with heart failure. He received massive doses of methylprednisolone sodium There was gradual improvement in ultrasound measurements over this period with stable measurements by day 25.
Again there was marked consistency between the appearance of an early diastolic gallop and decreasing QRS voltage heralding rejection. The changes in ultrasound measurements appeared to confirm the onset of a rejection process.
Comment
The onset of progressive heart failure and its reversal with increased administration of immunosuppressive agents remain the most objective evidence of acute rejection of the transplanted heart against which all other predictive criteria must be compared. During our early experience these data were not defined always clearly enough to allow prediction of early rejection; treatment, therefore, was initiated at a later stage than we would prefer. In subsequent cases rejection has been treated earlier, before the appearance of flagrant cardiac failure, as determined by changes in voltage, axis, ultrasound measurements, and extra diastolic sounds.
Other phonocardiographic measurements have been analyzed. Actual and corrected ejection times remain essentially unchanged until obvious heart failure is present, at which time they do decrease, as would be expected from the work of Weissler his associates that the earliest clinical sign of rejection is pericardial friction.7 In objective analysis of daily phonocardiograms on our nine patients, pericardial rubs were invariably present during the first postoperative week.
Subsequently they would come and go, occasionally accompanying early rejection, but just as frequently disappearing without a change in medication or clinical course. We have, therefore, been unable to rely upon this clinical sign.
The ultrasonic technics used on these patients are quite new. Ultrasound has been validated only recently as a quantitative as well as a qualitative tool for cardiac measurement. 8 In these studies measurements on a single patient are reproducible in a stable clinical state, as illustrated by case V.A. The measurements of overall heart size correspond to the changes seen on chest x-rays. The posterior wall thickness measured just prior to death is in excellent agreement with the measurements made at necropsy for the four patients in whom the comparison was possible. The changes in right ventricular dimension are consistent with those seen in animal studies and the clinical findings mentioned previously. Good quality records could be obtained on all patients with the exception of the first case studied (case L.D.). The ultrasound changes seen from day to day and the trends seen over many days appear to be of value when compared with the electrocardiographic and clinical data.
Discussion
The remarkable physical findings in all of these patients during acute, severe rejection were progressive signs of low cardiac output with decreased pulse pressure, cool extremities, and marked elevation of venous pressure. Certain signs appear before these obvious signs of heart failure. These include decreasing QRS voltage and usually a shift of the electrical axis to the right. A diastolic gallop appears and remains early in timing. Ultrasound measurements show an increasing posterior wall thickness, right ventricular and overall heart dimensions (AW-PW) early in the rejection process.
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The a and v waves in the venous pulse were prominent with a rapid y descent. This, in addition to the early timing of the diastolic gallop, usually 0.10 to 0.14 sec after A2, was consistent with restriction of diastolic filling as seen in pericardial constriction, restrictive endocardial fibrosis, and infiltrative myocardial disease.9-11 Despite the marked heart failure, fatigue, and dyspnea on exertion, orthopnea was strikingly absent in all patients. Kosek 
